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Question 1          (5 marks) 
A temperature control system for a distillation column is shown in Figure 1. The temperature T 
of a tray near the top of the column is controlled by adjusting the reflux flow rate R. Draw a 
block diagram for this feedback control system. You may assume that both feed flow rate   
and feed composition    are disturbance variables and that all of the instrumentation, 
including the controller, is pneumatic. 
 
 Figure 1. 
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Question 2          (20 marks) 
Figure 2 shows the response of the system presented in Figure 3. The figure shows that the 
system is unstable for a Kc value of 140. If only Kc can be modified. Calculate a range for Kc 
such that the behaviour of the system is stable. 
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Question 3          (40 marks) 
The dynamic response and control of the steam-jacketed kettle is shown in the figure. The 
system consists of a kettle through which water flows at a variable rate   (    ⁄ ). The 
entering water is at temperature    , which may vary with time. The kettle water, which is well 
agitated, is heated by steam condensing in the jacket at temperature    and pressure    . The 
temperature of the water in the kettle is measured and transmitted to the controller. The 
output signal from the controller is used to change the stem position of the valve, which 
adjusts the flow of steam to the jacket. 
 
 -Figure 4. 
 
The following assumptions are made for the kettle: 
 The holdup volume of water in the kettle is constant. 
 The thermal capacity of the kettle wall, which separates steam from water, is 
negligible compared with that of the water in the kettle. 
 The heat capacities of water and the metal wall are constant. 
 The density of water is constant. 
 The steam in the jacket is saturated. 
 
a) Develop a set of differential equations required to simulate the temperature change of 
the water    as a function of      and   . List all the necessary assumptions. (10 Marks) 
b) Develop the transfer function between water    and      and     (25 Marks) 
c) Represent the transfer function in a block diagram    (5 Marks) 
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Question 4          (35 marks) 
Consider the liquid-level control system shown in Figure 5. The tanks are non-interacting. 
 
The following information is known: 
 
• The resistances on the tanks are linear. These 
resistances were tested separately, and it was 
found that if the steady-state flow rate 
  (
   
   
⁄ ) is plotted against steady-state 
tank level   (  ), the slope of the line 
  
  
⁄      
 
   
⁄ . 
• The cross-sectional area of each tank is      . 
• The control valve was tested separately, and it 
was found that a change of        in pressure 
to the valve produced a change in flow of 
    
   
   
⁄ . 





a) Draw a block diagram of this control system, and in each block give the transfer 
function, with numerical values of the parameters.     (25 Marks) 
b) Determine the controller gain    for a critically damped response.  (10 Marks) 
